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Low-energy effective action
I =T[?]

X 1=1,...,6
N =4 SYM multiplet ® = { Fy,, = O An — On Ay,
wé’ A:17273?4

@ In Coulomb branch, ® is massless and Abelian; massive multiplets are
integrated out

@ Leading terms in the derivative expansion
F'=Tg+To+T4+T6+...

I’y = 0 (effective scalar potential vanishes)
I's = S5 — free classical action

I’y — four-derivative terms, leading

I'¢ — six-derivative terms, next-to-leading
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Some bosonic terms in I'y
o F*/X* term
4 FaﬂFagFaﬁFdB
g0 af
(XTXT)2

@ Wess-Zumino term

1
EIJKLMN/WXIdXJ/\dXK/\dXL/\dXM/\dXN

Some bosonic terms in I'g
e F%/X8 term B B
/d4xF2F2(F2 + F?)
(XTXT)4
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Our goal:

To find manifestly N' = 4 (or N/ = 3) supersymmetric description of
I'; which takes into account all terms of the four-derivative order.

We present solutions for I'y in A/ = 4 and N' = 3 harmonic
superspaces

I.B. Samsonov (Padova) N = 4 SYM effective action Moscow 2012



Iy in A/ = 2 harmonic superspace [Buchbinder, lvanov 2002
N —4- W — N = 2 gauge superfield strength
o qF — hypermultiplet, a = 1,2
“Hidden” A/ = 2 SUSY

1 4~ 1 R
5W:§?U§g,5g:1@ﬁgw+ame

@ Non-holomorphic potential [Dine, Seiberg 1997]
//d4xd891nVVanV

@ Buchbinder-lvanov action

In(1 — X)

—— +Lia(X) — 1

m~/#m%hwmw+a—n

740
Ww

X =-2
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N = 4 Harmonic Superspace
(2™, 00, 0%, 1)
wueUSp4) : w' =1, uw=0Q, (QF=-0Q)
U= (u§+’0),u£_’0),u50’+), ul(.o’_)) i=1,2,3,4
Covariant harmonic derivatives form usp(4) algebra

DEE0) pOEH) pE+) pEF) g g,
Grassmann variables
9((3:,0) — yE0ig, 9&0,1) — o ODig, g&i,o) _ ul(ﬂ:’o)gg7 géO,i) _ ul(_Oﬁi)glii
Analytic subspace (contains 8 Grassmann variables)
(Cu) = (@, 085,057 w)
'y =am — i) gm0 1 ig0:4) 5mg0.=) _g(+.0) 5mg(=:0) 4 jp(=.0) 5 g(+,0)

Short covariant spinor derivatives

0
000, F)a’

0

H(E.0) _
Dy = jEaé(%o)d

DY) =+
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N = 4 superfield strengths

- 1
Wi; = §5ijlekl

DWWk 4 DIWk =0, DjgWik = (6JDl W — 6F D W)
Harmonic projections
Wi —s W(+’+), W(_’_), W(+’_), ]/[/(—ﬂ-)7 Wi, Ws
e.g.
W, = (O +) ( _)le Wo = u(+ 0) ( )WZ]

Constraints for Wi: .
Wiy =Wy

DOHW, = DFOw, =0
l)(:l::l:,())VV1 _ D(O,:t:t)Wl =0
DEH DEDW, =0
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Low-energy effective action
= / d*zd*0H(W/A), [A]=1

Scale invariance A%R; =0=

Iy « /d4xd89 In(W/A)

e Contains F*/X* term in components
@ Contains Wess-Zumino term

@ Contains also all other bosonic and fermionic terms of the four-derivative
order
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N = 3 harmonic superspace
(2™, 050, 04,u)  i=1,2,3
SU(3) harmonics
u=(ul,u?,u}) e SUB): wulu=1, detu=1

Harmonic derivatives (D3, D2, D1, D?, D3, D3, S1, So)
D Oy ?

a7 Uiz
6UJ 6’(,&1
Grassmann variables

010 = @50, 6l =ulol, 1=1,2,3

a — WY
Analytic subspace
(Cu) = ($§702a703a7§}i7§ivu)
'y =z — i010™0" + if30™6>

Short Grassmann derivatives:
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N = 3 superfield strength

Superfield constraints:
i Lok ik
D,\W; = 5((5jDaWkl — 0;DiWi;j)

Didek + DdeZ-k =0
Harmonic projections
WZJ - (W127 W237 W13)7 WZJ — (W12, W23, ng)
e-g- y y - —_ ..
Was = abui Wij w2 = u%u?W”

Analyticity properties -
DjWa3 = D3aWas =0

DLW = DyaW'? = 0

Conjugation - -
Wa = W12
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Classical action

N = 3 gauge fields
DI vL =Dl +v]

V3, V& and V3 are analytic

Dé(‘/QlaV327‘/31):0 D3o'z(‘/213V327‘/31):0
Classical (abelian) A/ =3 SYM action

Sy = /dC(??)[‘él(Dg?—D§V32)+%2(D%Vé}—DéV;HVgl(D%Vf—D%V;—Vsl)}

Expressing superfield strengths in terms of gauge potentials

- 1 1. -
W2 = —IDDLVE, Way = 1 Dys DV
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Effective action in A/ = 3 superspace

o= [ Ay (72, W)

@ Analytic measure d¢(33)du is charged = H1i is also charged
o Superfield strengths W2 and Wa3 are also charged

Sample action [lvanov, Zupnik 2001]
/d<(§§)dUW12W12W23W23 ~ /d4I FQBFQBFdBFdB +...

@ I'y should be superconformal = need dimensionful and charged objects to
construct the effective Lagrangian
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Scalar fields ¢*, @;
W2 =a3p; + ..., Wag = ujp" + ...

In the Coulomb branch the scalar fields have vevs,

Introduce the objects
and

so that

Look for the effective action in the form

12 ~12 .3 =
P4:/d<( )(““23> H(““’%cl)
ctc; clc; clc;
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Superconformal invariance gives unique solution:

~12 2 -12 .3 =

I, — dC(33) W W23 H w7 Cc” WwasC1
4= 11 i= i ) =
Cc°C; C°C; C"C;

In(1+ z+y) 1 In(1+z) In(l+y)
H(Iay) = 2,2 1 - 2,2 B 29,2
z?y zy(l+2z+y) z%y z2y
@1263 w2361
rT=——, Y= —=
c'c; c'c;
Features

o Effective Lagrangian depends on vevs ¢’ and &;. However, we proved that I'y
is independent of ¢ and ¢;,

F4 [W127 WZ?); C/i? E;] = F4 [W127 WZ?); Ciy EZ]

@ In components I' contains both F*/X* and Wess-Zumino terms, as well as
all terms which are necessary by supersymmetry
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Bonus: N = 3 supersymmetry is off-shell because the superfield strengths are
expressed in terms of gauge superfields

— 1 1 -
W12 — _1(1)1)2‘/'127 W23 — Z(D?))Q‘/'23

@ Consider the effective action
IF'=5+T4+...
@ After eliminating auxiliary fields, uncover the F'¢/X® term,

/d%FQFQ(F2 + F?)
(pi@i)t

(analogous to [lvanov, Zupnik 2001] in the non-superconformal case)
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Open problems

@ Develop background field method in AV = 3 harmonic superspace and derive
I’y perturbatively

@ Apply N = 3 harmonic superspace for studying Wilson loops and amplitudes
in the N' = 4 SYM theory
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